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Abstract 
Nowadays, fluctuations of costs and costumer demands make it harder for firms to respond the market conditions effectively and 
cause customer and profit loss. In modern supply chain process, products must be delivered to customers in the shortest possible 
delivery time and this delivery time must be procured with a minimum number of stocks. Distribution for small amounts of 
products in a wide variety must be more frequently and more rapidly. This time constraint has a direct impact on the distribution 
and warehousing management. Although the importance of warehouses is emphasized in the literature, determining the size of 
warehouses is not mentioned enough. In this context, determining the size for a new flow type warehouse and a new u- type 
warehouse has been tried in this paper. A warehouse design which minimizing the total picker distance has been studied 
analytically with taking the number of doors into account. As a result of the calculations, different interior layouts have been 
proposed for the flow type warehouses and u-type warehouses. 
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1. Introduction 
Nowadays, fluctuations of costs and costumer demands make it harder for firms to respond the market conditions 
effectively and cause customer and profit loss. For many companies, it is very important to avoid losing their 
customers, profits and market share in the competitive conditions which changing, growing and getting hard. 
Companies need to develop relationships with all their suppliers as well as relationships with their customers. 
 
In modern supply chain process, products must be delivered to customers in the shortest possible delivery time and 
this delivery time must be procured with a minimum number of stocks. Distribution for small amounts of products in a 
wide variety must be more frequently and more rapidly. This time constraint has a direct impact on the distribution 
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and warehousing management. Warehousing is one of the key factors in the supply chain management (Lambert et al., 
1998). Warehouse is the important link between producer and costumer. A warehouse is a location from where raw 
material, semi-product and finished products are received, transferred or put away, picked, sorted and accumulated, 
cross-docked and shipped in. 
 
Warehouse often needs large capital investments and labor costs. That 
is very important. The processes served by labor, machines and information systems, has to be carefully studied before 
implementing, otherwise it can cause great losses after. Lots of small warehouses in different supply chains lately are 
consolidated to gain a competitive advantage through economy of scale. Managers meet different warehouse design 
problem and dealing with them at the right level and right time leads to the optimal throughput (Rimieni, 2008). 
2. Literature Review  
Companies providing production or service under the current conditions try to meet customer demands as quickly 
as possible with a minimum number of a stock while they are having high amounts of production. Therefore, 
companies concentrate on their stocks, warehouse management and warehouse operations. Meeting the changing and 
decreasing amounts of demands more quickly is a huge strain on warehouse management. 
 
Warehouse, which is one of the supply chain elements, plays a vital role in the success or failure of the company 
(Baker and Canessa, 2009). Situations faced by designers are determining the best storage method, the most 
appropriate selection of material handling equipment and warehouse layout during the warehouse design (Ashayeri 
and Gelders, 1985). Warehouse layout plan, material handling plan and warehouse operations are three factors that 
affect the warehouse layout design. Literature includes studies which grouping that factors differently (Gu et al., 2007; 
Rouwenhorst et al., 2000; Gu et al.,2010; Baker and Canessa, 2009). Also, there are sub-headings of those three 
important factors. 
Warehouse layout plan includes storage area plan, aisle plan, shelf types and sizes, dock plan. 
ndling equipment plan and personnel plan. 
 
 
Park and Wester evaluated alternative warehouse designs in 3 dimensions; selection of material handling 
equipment, movement of material handling equipment in the corridor, input / output quantities (Park and Webster, 
1989). 
 
Method developed by Larson, determines length of a shelf and aisle planning which increasing the use of space 
with taking into account handling costs. However, this determination does not based on any analytical or heuristic 
method.  Continuation of the study, a heuristic approach has been obtained which calculates depth of the shelf and a 
warehouse layout plan has been developed. However, this proposed model has only one input and one output port. 
Results of this model have been compared with the existing warehouse model. Results have been evaluated in terms of 
space utilization and material handling costs. 
 
Roodbergen and Kostner (2001) developed an algorithm minimizing the expected avarege total picking distance in 
a warehouse with middle aisle. They compared the advantages of warehouses which have middle aisle and which do 
not have. Marco and Salmi (2002) tried to determine depths for different rack systems with the help of a simulation 
program (PROMODEL), considering rack utilization rates and the number of pallet place. A proposal for number and 
location of docks that affects the total picker distance was made. Chew and Tang (2002) developed an analytical 
model estimates transport time for a rectangular warehouse. They supported the study with simulation. Roseblatt and 
Roll (1984) developed a procedure for warehouse layout and warehouse assignment policy problems. Warehouse 
capacity and areas was identified with an analytical method with taking into account warehouse set-up cost, holding 
costs and the cost of assigning. 
 
Zhang (2002) developed an genetic algorithm to placement / picking of one type product. Zhang (2000) developed 
an heuristic picking algorithm for multi-level warehouse layout designs. A more effective layout type was proposed 
with diversifying product type and product dimensions. Tonelli (2002) determined a warehouse layout with genetic 
and simulation approaches for effective product assignment, taking into account the transport time and distances. It 
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has been applied to a soft drink company in Italy. Le-Duc and Kostner (2005) proposed an probabilistic model 
estimating the average travelling time and tried to determine warehouse layout with using the model. 
 
Heragu (2005) proposed a warehouse layout with taking into account the holding cost and stockout cost and used 
both analytical and heuristic methods. However, those proposed models are suitable for only flow-type warehouse 
design. 
 
Research of Roodbergen and Vis (2006) includes warehouse layout plan and warehouse operations. An analytical 
formulation was developed to decrease avarage expected total picking distance. That formulation was developed with 
considering two placement / picking policy: S-
layout plan was developed with partical swarm optimization for multi level distribution warehouses. Peterson and 
Aase (2004) observed that class-based assignment policy increases the collection efficiency. Caron (2000) tried to 
determine number and length of racks in warehouse with largest gap method. 
3. Models 
The aim of the study, to suggest models minimizing the total travel distance of pickers in flow-type and u-type 
warehouses and to determine size of the proposed model. Pareto analysis will be used in calculations. 
Some assumption will be given before developing the model for designing warehouse layout. These are shown by 
followings: 
Handling operation consists of pallet placement or retrieving. Picker places or retrieves just one pallet in a single 
tour. 
 
osed to the 
docks, 
 
 
 
Following stages are used for determining warehouse layout design:  
s of docks for receiving and shipping goods. 
-type warehouses. 
-type warehouses. 
3.1. Determining the numbers of docks for receiving and shipping goods 
The number of docks is an important issue for vehicles receiving and shipping goods. The numbers of docks have 
to be determined as first stage of warehouse design. The required numbers of receiving docks and shipping docks are 
calculated individually. For flow-type warehouses, the lowest one of these numbers is the number that affects the 
warehouse design and is shown by nDf. For U-type warehouses, nDu, number of dock indicated by nDu is used in the 
calculation. 
 
        (1) 
       (2) 
       (3) 
       (4) 
 
nDR is the required numbers of receiving docks and nDS is the required numbers of shipping docks. dr and ds are in 
the order of daily demand of receiving goods and daily demand of shipping goods. tr and ts are in order of average 
time required to unload trucks and average time required to load trucks. qr and qs are in order of the capacity of 
incoming trucks and outgoing trucks. Tr and Ts are in order of daily time available to unload and load. 
3.2.  Determining the u-type warehouse sizes by using pareto analysis  
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The height of a warehouse depends on the technological properties of handling equipments. Therefore, length and 
width of warehouse depend on the required numbers of storage locations. The length of warehouse along the x axis is 
calculated as follows. 
 
 
 
 
Lx is the extension of storage location along the x-axis, ax is the occupation of one pallet along the x-axis. wx is the 
width of the sub-aisle. nx is the numbers of stock positions (numbers of racks) along the x-axis. The notations of the 
warehouse are shown Figure1. Ly is the length of warehouse along the y-axis, ay is the occupation of one pallet along 
the y-axis. wy is the width of the main aisle. ny is the numbers of stock positions (numbers of pallets side by side) 
along the y-axis. The average distance of picker (dp) is calculated as follows. 
 
         (5) 
           (6) 
         (7) 
       (8) 
        (9) 
In pareto analysis, 80% probability of movement has to be existed in the 20% of storage locations. This rate can be 
revised using the firms' sales rates. The average travel distance of picker (dpy) along the y-axis is calculated by 
equation 10. The average travel distance of picker (dpx) along the x-axis is calculated by equation 11. 
 
     (10) 
        (11) 
 
Our aim is to minimize the average distance of picker. Decision variables in this model are ny (the numbers of 
stock positions along y-axis), nx (the numbers of stock positions along x-axis) and nz (the numbers of stock positions 
along z-axis). 
Minimize 
      (12) 
         (13) 
 
m is the required numbers of stock positions which is determined by the firm. Inequality of equation 12 is supposed 
at least equal to m. We assume that the multiplication of decision variables is equal to number m in order to solve 
inequality. 
 
         (14) 
 
Lx
Ly
Wy
Wx
ax
ay
XDd XD
Fig. 1 Notations of the U-Type Warehouse 
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Equation 12 is convex. If its first derivative is equal to zero, decision variables (nx and ny) will be determined. v is 
the average speed of picker. 
 
      (15) 
        (16) 
        (17) 
 
Firstly  nx and nz are determined then Lx and Ly will easily be calculated. The suitability of this warehouse width 
and length could be controlled by using the following calculation. 
 
         (18) 
       (19) 
 
xD is the length of dock along x-axis and xDD is the length of distance between two docks. xDx which is the 
distance between two docks, is determined by the decision maker.  If the equality in the 18. equation cannot be 
obtained, distances between two docks could be reduced or numbers of docks could be reduced. 
3.3. Determining the flow-type warehouse sizes by using pareto analysis  
 
The height of a flow-type warehouse depends on the technological properties of handling equipments as same as u-
type warehouse. 5.  equality is valid to calculate the length of flow-type warehouse along the x-axis. But the following 
equation uses to calculate the length of flow-type warehouse along the y-axis. 
       (20) 
Fig. 2. Notations of the Flow-Type Warehouse 
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The average travel distance of picker is calculated same as u-type with the equations 7, 8 and 9. Pareto analysis has 
no effect on the distance along y-axis for flow-type warehouse. Each pallets in warehouse have to travel along the y-
axis.  Our aim is to minimize the average distance of picker as like u-type warehouse. 
 
Minimize 
 
      (21) 
         (22) 
 
Equation 21 is convex. If its first derivative is equal to zero, decision variables (nx and ny) will be determined. 
 
      (23) 
        (24) 
        (25) 
Firstly, nx and nz are determined then Lx and Ly will easily be calculated. The suitability of this warehouse width 
and length could be controlled by using equation 18 and 19. 
4.   Application 
In this part, two alternating designs are proposed to a warehouse which will be established in Azerbaijani. Before 
the model is applied, following data given in table-1 have been collected from firm or determined by the firm.  
Counter Balanced Forklift (CBF) will be used for loading goods to trucks and unloading goods from trucks. Reach 
Truck (RT) and Turret Truck (TT) will be used to placement of goods to racks and picking goods from racks. 
Table 1. Data used in calculations 
Notation Description Counter Balanced 
Forklift (CBF) 
Reach Truck (RT) Turret Truck (TT) 
dr The daily demand of receiving goods  260 pallet   
ds The daily demand of shipping goods 260 pallet   
tr The average time required to unload trucks 45 min    
ts The average time required to load trucks 60 min   
Tr The daily time available to unload trucks 300 min   
Ts The daily time available to load trucks 240 min   
qr The capacity of incoming trucks 30 pallet   
qs The capacity of outgoing trucks 30 pallet   
M Required numbers of stock positions  5350 pallet 5350 pallet 
ax The occupation of one pallet along the x-axis  1,3 meter 1,3 meter 
ay The occupation of one pallet along the y-axis  0,9 meter 0,9 meter 
wx The width of the sub-aisle  3 meter 2 meter 
wy The width of the main aisle  6 meter 4 meter 
as Load-unload area  15 meter 15 meter 
nz The numbers of stock positions along the z-axis  4 position 6 position 
xDx The length of distance between two docks 
determined by decision maker 
 2 meter 2 meter 
xDd The length of distance between two docks  1 meter 1 meter 
xD The length of dock along x-axis  3 meter 3 meter 
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The required numbers of docks have to be determined for u-type and flow-type warehouse design. The numbers of 
docks have been calculated for each type of warehouse in table 2. 
Table 2. The result of the numbers of docks 
 
 
The 
numbers of docks have been calculated with using the data from firm for both flow-type and the u-type warehouses. 2 
docks are required for u-type warehouse and 4 docks are required for flow-type warehouse. Equations 15 and 16 are 
used to determine sizes of flow-type warehouse and Equations 24 and 25 are used to determine sizes of u-type 
warehouse so required numbers of stock positions along the x-axis and y-axis could be determined. The following 
results were obtained using the formulas in the previous section. The results in are shown in Table 3. 
Table 3. Warehouse sizes, Storage area and numbers of stock positions 
 U-Type Warehouse Flow-Type Warehouse 
 Reach Truck (RT) Turret Truck (TT) Reach Truck (RT) Turret Truck (TT) 
nx 34 30 42 38 
ny 41 30 33 24 
nz 4 6 4 6 
Lx 95,2 69 117,6 87,4 
Ly 57,9 46 50,7 40,6 
Area 5512 3174 5962 3548 
Total picker distance 248,3 184 168,3 128 
Total numbers of storage area 5576 5400 5544 5472 
 
According to these results, number of stock positions along the x-axis, y-axis and z-axis are 34, 41 and 4 in order 
for u-type warehouse which is designed by selecting Reach Truck (RT) as handling equipment. Warehouse size was 
found as 95.2 meters along the x-axis, 57.9 meters along the y-axis and the total area of 5512 square meters. The total 
distance travelled by picker was calculated as 248,3 meters.  
 
Number of stock positions along the x-axis, y-axis and z-axis are 30, 30 and 6 in order for the same type warehouse 
which is designed by using Turret Truck (TT) as a different handling equipment. Warehouse size was found as 69 
meters along the x-axis, 46 meters along the y-axis and the total area of 3174 square meters. The total distance 
travelled by picker was calculated as 184 meters. 
 
Number of stock positions along the x-axis, y-axis and z-axis are 42, 33 and 4 in order for flow-type warehouse 
which is designed by selecting Reach Truck (RT) as handling equipment. Warehouse size was found as 117,6 meters 
along the x-axis, 50,7 meters along the y-axis and the total area of 5962 square meters. The total distance travelled by 
picker was calculated as 168,3 meters.  
 
Number of stock positions along the x-axis, y-axis and z-axis are 38, 24 and 6 in order for the same type warehouse 
which is designed by using Turret Truck (TT) as different handling equipment. Warehouse size was found as 87,4 
meters along the x-axis, 40,6 meters along the y-axis and the total area of 3548 square meters. The total distance 
travelled by picker was calculated as 128 meters. 
 
Another case from these results, the shortest travel distance of picker and the smallest storage area are belong to the 
u-type warehouse designed by selecting Turret Truck (TT). 
5. Conclusions and Further Research 
Warehouses as a key factor in supply chain must be designed to provide distributing frequently and rapidly small 
amounts of products in a wide variety. Structure of warehouse design affects all storage processes. The aim of the 
 
    
Flow-Type Min = {2,3} X 1,3  2 2,167  3 
U-Type X 3,467 1,3 2,167 
Numbers of Docks 2 4 X X 
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study, to suggest models minimizing the total travel distance of pickers in flow-type and u-type warehouses and to 
determine size of proposed models. Pareto analysis has been used in calculations. 
 
Number of dock has to be determined for different warehouse designs. Number of dock is one of the important 
factors that affect the warehouse design. These docks affect the average travel distance of picker and also affect input-
output traffic of trucks. These numbers are used to determine warehouse size, after determining the number of docks. 
In this study different designs have been obtained for different types of warehouses with using different types of 
handling equipments. Sizes and total storage areas of these different types of warehouses have been determined. 
 
Required numbers of aisle and racks side by side have been determined for these different warehouse designs. 
Stock positions depend on the technical capability of used handling equipment. However, in some cases, instead of 
relying on the technical capability, designers can determine lower numbers of stock positions. 
 
Total travel distances of pickers have been calculated separately for each design according to these determined 
dimensions. Height of warehouse has not been added. 
 
These designs are preliminary study for a warehouse to be established in Azerbaijan. These designs are presented as 
a proposal to the firm. 
 
For future studies, model validity can be confirmed by simulation. These models have been calculated only for 
specific types of warehouses so other types of warehouse design can be applied. 
 
The average picker distances have been taken into consideration but the average picker durations have not been. 
The rest of the study can take into consideration these durations. 
 
Models can be re-formulated by adding transportation costs, costs of material handling equipment and construction 
costs to calculations used for design. 
 
Specific handling equipments have been used for this warehouse design. However, new warehouse designs can be 
obtained by using new technology handling equipments. 
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